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ABSTRACT
Context. The chemically peculiar (CP) stars of the upper main sequence are well suited for investigating the impact of magnetic fields
and diffusion on the surface layers of slowly rotating stars. They can even be traced in the Magellanic Clouds and are important to the
understanding of the stellar formation and evolution.
Aims. A systematic investigation of the near-infrared (NIR), 2MASS JHKs, photometry for the group of CP stars has never been
performed. Nowadays, there is a great deal of data available in the NIR that reach very large distances. It is therefore very important
for CP stars to be unambiguously detected in the NIR region and for these detections to be used to derive astrophysical parameters (age
and mass) by applying isochrone fitting. Furthermore, we investigated whether the CP stars behave in a different way to normal-type
stars in the various photometric diagrams.
Methods. For our analysis, we carefully compiled a sample of CP and apparently normal (non-peculiar) type stars. Only stars for
which high-quality (i.e. with low error levels), astrometric, and photometric data are available were chosen. In total, 639 normal and
622 CP stars were selected and further analysed. All stars were dereddened and calibrated in terms of the effective temperature and
absolute magnitude (luminosity). Finally, isochrone fitting was applied.
Results. No differences in the astrophysical parameters derived from 2MASS and Johnson UBV photometry were found. Furthermore,
no statistical significant deviations from the normal type stars within several colour-colour and colour-magnitude diagrams were
discovered. Therefore, it is not possible to detect new CP stars with the help of the photometric 2MASS colours only. A new effective
temperature calibration, valid for all CP stars, using the (V − KS)0 colour was derived.
Key words. Stars: chemically peculiar – early-type – techniques: photometric
1. Introduction
For many decades chemically peculiar (CP) stars have played
an important role in stellar astrophysics. The reasons for this
are mainly their average slow rotation (even among the more
massive stars on the main sequence), which makes them con-
venient stars for measuring rotational velocities; strong mag-
netic fields on the upper main sequence, used to understand the
role of magnetic fields in the context of stellar evolution; their
photometric variability; and their peculiar chemical composition
(Mikulášek et al. 2010; Krticˇka et al. 2013). Chemically pecu-
liar stars were divided into four groups by Preston (1974): Am
stars (CP1), Ap stars (CP2), HgMn stars (CP3), and He-weak
stars (CP4). Observational progress unveiled other groups such
as He-strong stars and λ Bootis stars, and Smith (1996) created
an extended classification scheme of CP stars. In addition CP2
stars can also be subdivided into several groups depending on
their metal abundances (Eu, Sr, Sc, Cr, and so on). In this pa-
per we follow the classification by Preston, but we also name
the subgroups of the CP2 stars. The frequency of all CP stars in
the solar neighbourhood on the main sequence ranges from 15 to
20% for stars of spectral type B5–F0 (Catalano & Leone 1994;
Romanyuk 2007).
In general, the CP stars seem to populate the whole age range
from the zero-age main sequence (ZAMS) to the terminal-age
main sequence (TAMS) which is in line with the currently used
models (Pöhnl et al. 2005).
When determining fundamental parameters, photometry and
spectroscopy are powerful tools to investigate these stars, though
caution has to be taken when applying photometric calibrations
to CP stars. The uvbyβ luminosity calibration (Crawford 1979)
leads to deviations in absolute magnitudes of CP2 stars com-
pared to the absolute magnitudes derived from Hipparcos data
(Maitzen et al. 2000). This effect occurs from peculiarities in
the spectra of CP2 stars, which could lead to negative E(b − y)
values for many stars, therefore underestimating their redden-
ing (Figueras et al. 1998) such that additional calibration is rec-
ommended (Adelman 1979). On the other hand, Netopil et al.
(2008) showed by means of cluster CP2 stars that there seems to
be no significant influence on the reddening values. Unlike CP2
stars, the group of CP3 stars show no such peculiar behaviour
and the uvbyβ luminosity calibration can be applied (Strömgren
1966; Figueras et al. 1998). The absolute magnitudes of CP1
stars are overestimated, hence a more accurate calibration of
MV has been developed (Figueras et al. 1998) using the exten-
sion of the ordinary least squares estimator (BCES) method
as described in Akritas & Bershady (1996) and the Hipparcos
data. Helium-weak stars have been calibrated in the BCD spec-
trophotometric system and the results are in good agreement
with results from UBV and Geneva photometry (Cidale et al.
2007). Helium-strong stars show different values when apply-
ing the BCD method and overestimate the effective temperature
compared to the effective temperatures derived from UBV and
Geneva photometry (Cidale et al. 2007).
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Table 1. The ZAMS (Girardi et al. 2002) for solar metallicity
(Z= 0.019) in terms of MKS and (V − KS)0 for the investigated mass
range of B- to F-type stars.
M⊙ MKS (V − KS)0 M⊙ MKS (V − KS)0
[mag] [mag] [mag] [mag]
1.3 +2.64 +1.081 4.0 +0.38 −0.409
1.4 +2.40 +0.923 4.5 +0.16 −0.460
1.5 +2.24 +0.752 5.0 −0.06 −0.502
1.6 +2.11 +0.559 5.5 −0.27 −0.539
1.7 +1.99 +0.385 6.0 −0.46 −0.573
1.8 +1.90 +0.244 6.5 −0.64 −0.604
1.9 +1.81 +0.142 7.0 −0.81 −0.632
2.0 +1.70 +0.062 7.5 −0.98 −0.657
2.1 +1.60 −0.002 8.0 −1.14 −0.680
2.2 +1.51 −0.054 8.5 −1.32 −0.701
2.3 +1.44 −0.095 9.0 −1.48 −0.720
2.4 +1.38 −0.128 9.5 −1.64 −0.736
2.5 +1.32 −0.157 10.0 −1.78 −0.750
2.6 +1.25 −0.184 10.5 −1.92 −0.763
2.7 +1.18 −0.209 11.0 −2.07 −0.774
2.8 +1.11 −0.232 11.5 −2.23 −0.783
2.9 +1.03 −0.253 12.0 −2.39 −0.792
3.0 +0.96 −0.273 12.5 −2.54 −0.799
3.5 +0.65 −0.350 13.0 −2.69 −0.805
However, when it comes to IR and near-IR (NIR) photome-
try, which are less sensitive to interstellar extinction than visual
observations, very little is known about CP stars. The only in-
vestigations in this respect were done by Groote & Kaufmann
(1983) and Kroll et al. (1987) who observed JHKLM fluxes for
about 110 B- and A-type CP stars. Kroll et al. (1987) found no
indications of dust shells or other circumstellar matter, which
should manifest as an IR-excess. In addition, they found no pho-
tometric variability with an amplitude larger than 0.05 mag for
their sample of stars. However, later on, variability in the NIR
(JHK) with the same period, spectrum, and magnetic field vari-
ations as the optical light was detected, for example, for several
stars of the SiSrCrEu subgroup (Catalano et al. 1998). The am-
plitudes range from 0.04 to 0.002 mag.
In this paper, we present the first extensive study of all four
CP star subgroups using the photometric data of the 2MASS sur-
vey (Skrutskie et al. 2006).
2. Data sample
For our analysis, we compiled a sample of CP and apparent
normal-type or non-peculiar stars.
The original data sample consists of 956 CP stars of spectral
types B0 to F9 (31% B, 66% A, 3% F) from the General Cat-
alogue of Ap and Am stars (Renson & Manfroid 2009). These
objects are listed as best candidates in this reference and are in-
cluded within the new and improved reduction of the Hipparcos
data catalogue from van Leeuwen (2007).
Our original data sample of normal stars consists of 13 637
main-sequence, luminosity class V, stars (8% B, 30% A, 62%
F). They were chosen by the spectral classification listed by
Garrison & Gray (1994); Skiff (2014). In a series of four papers,
Garrison & Gray (1994) investigated B- to F-type stars estab-
lishing new standard stars, which is especially valuable for our
paper. As a first step, we removed all objects listed as variable,
3
2
1
0
-1
-2
 
 
M
K
s [
m
ag
]
CP1 CP2
 
 
  
-0.6 -0.3 0.0 0.3 0.6 0.9 1.2 1.5
3
2
1
0
-1
-2
CP3
M
K
s [
m
ag
]
(V - Ks)0 [mag]
-0.6 -0.3 0.0 0.3 0.6 0.9 1.2 1.5
CP4
  
(V - Ks)0 [mag]
Fig. 1. The MKS versus (V−KS)0 diagrams for all CP subgroups together
with the isochrones from Girardi et al. (2002).
peculiar, or in binary systems by cross-matching with the GCVS
database (Samus et al. 2007 – 2014), the General Catalogue of
Ap and Am stars (Renson & Manfroid 2009), and the Hipparcos
catalogue (Perryman et al. 1997). Then, uvbyβ photometry data
were taken from Hauck & Mermilliod (1998), parallaxes from
Hipparcos data van Leeuwen (2007), NIR photometry data from
2MASS (Skrutskie et al. 2006), and visual photometry data from
the All-Sky Compiled Catalogue of 2.5 million stars (ASCC,
Kharchenko 2001) to produce a homogeneous data sample.
To obtain only high-quality data but still maintain a suffi-
ciently large data sample, we restricted the error range of the data
for parallaxes to σpi /pi≤ 20% and the 1-σ errors of the broad-
band photometric measurements to σλ ≤ 0.1 mag for VJHKs.
The 1-σ errors of the narrowband? photometric indices were
constrained as follows: (b − y) ≤ 0.027 mag, m1 ≤ 0.032 mag,
and c1 ≤ 0.050 mag (Balona 1994). If the catalogues contained
more than one measurement of a photometric index of a star,
we used its mean value. Owing to insufficient uvbyβ photomet-
ric data and the lack of accuracy, most of the normal stars were
removed from the original sample. In addition to this removal,
further reasons for the rejection due to the inaccuracy of other
data sources are (from most to least frequent) Hipparcos paral-
laxes, uvbyβ dereddening, 2MASS photometry, and ASCC pho-
tometry. In addition, very few stars of the original sample were
excluded for individual reasons, for example owing to an un-
certain identification. Finally, 923 normal-type stars remain with
high-quality data according to the above-listed standards.
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Our data sample ranges in apparent magnitude and paral-
laxes from 4.439≤V ≤ 10.237 mag and 1.48≤ pi≤ 52.11 mas for
normal to 4.960≤V ≤ 9.715 mag and 2.03≤ pi≤ 22.70 mas for
CP stars.
3. Analysis
The effective temperatures for all objects were obtained using
the UVBYBETA calibration by Napiwotzki et al. (1993) with
the improvement for CP stars published by Netopil et al. (2008).
These calibrations are well established and well tested.
We performed the dereddening for all stars also using the
calibration by Napiwotzki et al. (1993). Objects for which the
dereddening did not converge after 500 iterations were excluded
from further analysis. These objects are mostly of luminosity
class I, II, and III. To obtain the interstellar extinction-free ap-
parent magnitudes in the NIR, we used a standard value for
E(B−V)= 1.35E(b−y) (Crawford 1975). Stars with E(b−y)< 0
(33.3% of the sample, i.e. 165 normal and 237 CP stars) were
treated as exhibiting no extinction, and E(b − y) was set to zero.
The final data sample was reduced to 639 normal stars of spec-
tral type B1.5 to F9 (28% B, 23% A, and 49% F) and 622 CP
stars of spectral type B2 to F9 (32% B, 64% A, and 3% F). The
latter group consists of 263 CP1, 258 CP2, 63 CP3, and 38 CP4
stars.
The astrometric parallaxes of the Hipparcos catalogue
(van Leeuwen 2007) were transformed to absolute magnitudes
(MKS ) using the visual magnitude (KS) from Skrutskie et al.
(2006) and the reddening (AKS = 0.50E(b − y)) according to
MKS = 5log pi+KS − AKS + 5. The luminosities were calculated
using the bolometric corrections from Netopil et al. (2008)
scaled to MKS (Masana et al. 2006).
Figure 1 shows the MKS versus (V − KS)0 diagrams for all
CP subgroups together with the isochrones from Girardi et al.
(2002). The latter range from 7.0< log t< 9.5 dex, i.e. the full
range of the main-sequence for B- to F-type stars. We chose
this set of isochrones because it is well tested for a wide vari-
ety of different star groups. However, we also used one set of
isochrones from the newer PARSEC1 database. As expected, the
differences are negligible. From the 622 CP stars only about 3%
are below the ZAMS. This lends confidence not only in the use
of the 2MASS colours, but also in the applied calibrations. In
Table 1, the ZAMS for solar metallicity (Z= 0.019) in terms of
the mass MKS and (V −KS)0 is listed. Our sample roughly covers
the mass range from 1.3 to 9.0M⊙. In the following, we discuss
Fig. 1 in more detail.
– CP1: Almost all objects are older than log t> 8.5 dex with
only a few objects close to the ZAMS. This is consistent
with the diffusion model that explains the observed chemical
peculiarities. It is more efficient in later stellar evolutionary
stages and when it has a longer time to work (Michaud et al.
1983).
– CP2: The members of this group populate the whole age
range from the ZAMS to about log t= 9.3 dex. This in line
with the conclusions drawn by Pöhnl et al. (2005) who found
that at least 16% of the investigated CP2 stars have fractional
ages below 20%.
– CP3: This is the most homogeneous group in term of
the age. Almost all the stars are located in the range
8.0< log t< 8.5 dex. There are only a few stars at or close
to the ZAMS.
1 http://stev.oapd.inaf.it/cgi-bin/cmd
– CP4: There is wide range of ages from the ZAMS to
about 8.5 dex, which covers the complete stellar evolution-
ary stages for the given mass range.
The stellar fractional main-sequence ages (tfrac) were derived
using the effective temperature and luminosity by interpolat-
ing in the evolutionary tracks by Schaller et al. (1992) for solar
metallicity (Z= 0.020). This technique was already successfully
applied to all CP subgroups (Wraight et al. 2012; Paunzen et al.
2013). For the 2MASS system, the isochrones were taken from
Girardi et al. (2002) for solar metallicity (Z= 0.019) because the
ones by Schaller et al. (1992) are not available for the NIR re-
gion. Applying the above-mentioned method to the grids by
Girardi et al. (2002) yielded compatible results for a represen-
tative sample of all subgroups within the errors of the effec-
tive temperatures and luminosities. For stars located outside the
grids (below or above the main sequence), we adopted values
for tfrac of either zero or 100%. However, more than 90% of
all CP stars are located well within the used evolutionary main-
sequence borders. This supports the current knowledge that CP
stars are in general main-sequence, luminosity class V, objects.
We used the (VJHKs)0 colours to get effective temperatures,
luminosities, and fractional ages by simply using the small-
est distance in four-dimensional space within the solar abun-
dant isochrones. Although this is not a very accurate method,
it is a good test if the 2MASS colours are useable for the
calibration of CP stars. The comparison with the values from
the classical technique yielded the following median values of
the differences for the complete CP star sample: ∆Teff =+90 K,
∆ log L/L⊙ =+0.01 dex, and ∆tfrac =−5%. Splitting up the sam-
ple into the four subgroups did not result in any further improve-
ments. From a statistical point of view, the 2MASS colours can
be used for CP stars to derive astrophysical parameters. This
is especially important for studying more distant and therefore
fainter members of this group.
The distributions of the effective temperatures, luminosities,
and calibrations of the effective temperature and luminosity of
the CP and normal-type objects were compared. We performed
a Student’s t-test (Edgington & Onghena 2007) if both samples
differed significantly from each other. On a 99.9% significance
level, the distributions of the two samples do not differ. Again,
this supports the basic assumption that the CP mechanism works
from the ZAMS to the TAMS.
We inspected all colour-magnitude diagrams in the 2MASS
system in order to search for a clear separation of CP to nor-
mal stars. Such a discrimination is observed in the Johnson UBV
and Geneva seven-colour photometric systems (Hauck & North
1982) mainly because most CP stars exhibit a UV flux defi-
ciency and have several flux depressions such as the most promi-
nent at 5200 Å (Kodaira 1969; Leckrone 1973). In addition,
the reddening free Q(JHKS) parameter (Comerón & Pasquali
2012), which is defined as Q(JHKS)= (J −H)+α(H −KS) with
α=
E(J−H)
E(H−KS ) , was investigated. The actual values of α range be-
tween 1.4 and 2.0 (Yuan et al. 2013). No statistical significant
deviation from the normal-type stars was discovered. Therefore,
it is not possible to detect new CP stars with the help of the
2MASS colours only. Leone & Catalano (1991) compared sev-
eral UBVJH colour-colour diagrams of normal and CP2 stars
and came to a similar conclusion.
As the final step, the effective temperatures derived from the
uvbyβ photometric data were plotted versus the (V−KS)0 colours
in order to derive a temperature calibration for CP stars. There
are only a few stars that significantly deviate from the relation
shown in Fig. 2. These objects are, with a few exceptions, close
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Fig. 2. The effective temperature calibration for all four CP star groups
in terms of (V − KS)0.
or spectroscopic binary systems of the CP1 subgroup and were
discarded from the analysis. We fitted a line for the cooler stars
and a polynomial of first order to the hotter stars for the complete
sample not divided into subgroups (Fig. 2). The derived relations
and their valid colour ranges are
– log Teff = 3.995(2) - 0.32(2)(V − KS)0+0.27(5)(V − KS)20 for
−0.60< (V − KS)0 <+0.15 mag; N = 294
– log Teff = 3.964(1)− 0.144(2)(V − KS)0 for +0.15< (V −
KS)0 <+1.00 mag; N = 301
These calibrations cover an effective temperature range from
6600 to 19 000 K. Taking the limiting colour magnitudes for both
calibrations, we find a maximum error of ±13% and ±3%, re-
spectively. Merging both subsamples and performing a polyno-
mial fit up to the third order did not result in a smaller error.
4. Conclusions
Current estimates suggest that about 15% of all B- to F-type
stars belong to CP groups. To date, more than 8 000 proba-
ble CP objects (or candidates) are known in the Milky Way
(Renson & Manfroid 2009), of which nearly one-half belong to
CP1 (i.e. non-magnetic) and CP2/4 (i.e. magnetic) stars. The
group of CP3 (HgMn) objects play a minor part with only about
200 candidates listed in the aforementioned reference.
The group of CP stars is an excellent laboratory with which
to test astrophysical mechanisms such as diffusion (both micro-
scopic and turbulent), convection, meridional circulation, mass
loss, and accretion in the absence/presence of an organized stel-
lar magnetic field.
For the first time we investigated statistically the behaviour
of the CP stars in the NIR using the 2MASS JHKs colours to-
gether with the Johnson V data. A sample of CP and normal-
type stars was selected on the basis of available Strömgren uvbyβ
colours and accurate Hipparcos parallaxes.
All stars were dereddened and calibrated in terms of the ef-
fective temperature and absolute magnitude (luminosity) using
well-tested calibrations. A new effective temperature calibration
for CP stars using the (V − KS)0 colour was derived.
We conclude that the 2MASS colours are well suited to sta-
tistically deriving the astrophysical parameters of CP stars, but
do not allow to distinguish them a priori from normal-type ob-
jects. However, one has to keep in mind that several subgroups
of these stars are variable over the whole spectral range, which
introduces an additional error source for the calibration process.
This result is important for the study of more distant and there-
fore faint CP candidates for which no photometric data other
than those from Johnson V and 2MASS are available.
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